Trees create microclimate under their crowns in comparison to the outside ambient atmosphere, which is a result of physical as well as physiological functions of the tree. The cooling produced by trees varies with species due to variation in several anatomical, structural and physiological attributes of the species. Transpiration is one of the most significant physiological functions performed by plants, which affects cooling produced by a tree under its shade. When solar energy impinges on the leaf, water emerges from its surface through transpiration taking the latent heat to convert it into water vapour. This leads to a rise in humidity of the atmosphere and reduction in temperature of the leaf. To remain leaf in equilibrium, it takes heat from the surrounding atmosphere resulting in reduction in temperature of surroundings. Since, transpiration takes place through stomata which are normally located on the ventral side of the leaf, this reduction in temperature is more experienced beneath the crown of the tree. Therefore, the present study was carried out to analyze the role of transpiration in cooling effect of five forestry tree species. The cooling produced by tree species under their shades has been found positively correlated to the transpiration rate whereas the rate of transpiration has responded positively to the ambient temperature and water conductance. However, no definite relationship has been found between frequency of open stomata and the rate of transpiration.
Introduction
Trees and forests are a vital component of ecology and environment. It is a sal (Shorea robusta) tree than under teak (Tectona grandis). Similarly, it is more comfortable under a deodar (Cedrus deodara) tree as compared to that under chirpine (Pinus roxburghii) etc. (Per.obser.). The cooling generated by a tree is a result of physical as well as physiological functions of the tree. It largely depends on several physical attributes of the tree viz. size and denseness of the tree crown; size, color, roughness or smoothness and thickness of leaves in the crown; leaf water contents, equilibrium temperature of leaves, etc. which certainly affect the physiological functioning of the tree such as rate of transpiration, rate of photosynthesis, etc. The atmospheric parameters such as temperature, wind speed, relative humidity also influence the cooling generated by a tree under its shade [3] [4] . The cooling produced by trees varies with species due to variation in several anatomical, structural and physiological attributes of the species. Planting trees is commonly practiced for modulating the environment such as producing shade and cooling as well as reducing air and noise pollution [5] . Working with some tree species, they disclosed temperature reduction under shades of trees from 0.64˚C to 2.52˚C whereas Abdel-Aziz (2014) [6] reported cooling under tree shades from 1˚C to 5˚C. Transpiration is one of the most significant physiological functions performed by plants, which affects cooling produced by a tree under its shade. It is important in controlling leaf temperature and significantly affects the energy budget, water potential of leaf cells and more importantly its physiological status [7] . When solar energy impinges on the leaf, water emerges from its surface through transpiration taking the latent heat to convert it into water vapor. This leads to a rise in humidity of the atmosphere and reduction in temperature of the leaf. To remain leaf in equilibrium, it takes heat from the surrounding atmosphere resulting in reduction in temperature of surroundings [8] . Since, transpiration takes place through stomata which are normally located on the ventral side of the leaf, this reduction in temperature is more experienced beneath the crowns of the trees.
Water is transported from roots to leaves through vascular tissue termed as xylem. There are several theories of transpiration such as water potential theory, vacuum theory, root pressure (also called as turgor pressure or hydrostatic pressure) theory, etc. According to water potential theory, roots have the highest water content whereas this is the lowest in leaves. On evaporation of water through stomata consuming the latent heat, water potential gradient between the leaves and other tissues of plants gets increased resulting in movement of water from roots towards the mesophyll layer of leaves. On the other hand, when water through stomata on leaves comes in contact with atmospheric heat, it evaporates it is lowest in leaves owing to lowest water content. Transpiration helps in increasing the difference in turgor pressure between the leaves and other tissues of the plant resulting in movement of water towards the mesophyll of leaves [9] [10]. During the total transpiration process, the energy exchange with biosphere can be divided into three segments [11] : 1) the energy required to free the water from the soil i.e. binding energy, 2) the energy required to lift the water against gravitational force, and 3) the latent heat of evaporization.
The climate is changing and changing more rapidly. The present rate of warming of atmosphere is reported to be 0.2˚C to 0.5˚C per decade [12] . The problem is being further aggravated due to rapid industrialization, reckless cutting of trees, and other anthropogenic activities, which has alarmed the sensitive segment of the society to take initiatives towards mitigation of global warming. The more appropriate way, besides use of alternative means of energy, is to check reckless deforestation and promote ecologically more valuable species in afforestation and reforestation programmes. To encourage research on identification of ecologically more valuable species is of utmost importance to face the present challenges of global warming. Obviously, the transpiration plays a significant role in producing cooling by trees under their shades. Therefore, an endeavour has been made with the aim to study the role of transpiration in producing cooling comparatively under shades of five forestry tree species. India. Because, isolated trees were required for the study and isolated trees of the sample species were not available in numbers in the premises of the study area, single trees with more number of measurements adopted for replications. The sample trees were disease free, physiologically active, having regular and vigorous crowns. The study area lies between 30˚19'55" and 30˚19'16" North latitude and 77˚58'40'' to 78˚1' East longitude at an elevation of 640 m above mean sea level [13] . It is almost plane with gentle slope towards south-west direction.
Material and Methods
There exists a micro-climate due to presence of great deal of vegetal cover.
Heavy rains occur during monsoon which breaks at the end of June and continues up to the last of September. Maximum rainfall is received in the months of July-August [14] . Besides, showers are quite often for the entire year in the re- is absorbed by the canopy increasing the air and leaf temperatures within the canopy and the other part reaches the ground penetrating through the canopy, which increases the temperature of soil surface. As the soil surface warms, it not only conducts heat deeper into the soil but also radiates into the air augmenting the air temperature above the ground surface. Thus, the air temperature at 1.5 m above the ground is affected utmost by the radiation reaching up to that level The measurements of temperatures were made in the afternoon between 12.00 noon to 2.00 PM, twice every month after a gap of 15 days, on fair weather day.
Temperatures were recorded under mild wind speed conditions, either at same wind speed or at a variation range of not more than 1 km/hr and on saturation Determination of Frequency of Open Stomata on Leaves: Nail varnish method as described by [20] was employed in the month of November to determine stomatal density on the leaves of all the sample trees for peeling off. This exercise was performed between 10.00-11.00 A.M. on a clear sky day in the month of November. The slides were examined on an Eclipse Microscope, 50i, Nikon, 40 xresolution, attached to a computer and photo prints taken on the computer. Two photo prints at different places on every slide were taken. Number of open stomata were counted on these photo prints in an area of 500 µm × 500 µm and computed for the per centimeter square area of leaf.
Results
There witnessed variation in cooling effect of the sample tree species in respect to different months as well as change in species. M. indica showed the highest cooling effect of all the sample tree species and varied from 2.8 to 5.9 (average 3.9 ± 0.96)˚C followed by F. benjamina 2.5 to 5.6 (average 3.7 ± 1.01)˚C, A. chinensis 1.3 to 5.1 (average 2.8 ± 1.17)˚C, P. africanum 2.6 to 5.1 (average 3.5 ± Journal of Geoscience and Environment Protection 1.00)˚C and L. floribunda 1.3 to 3.6 (average 2.5 ± 0.96)˚C, the lowest, during the present study period and given in Table 1 .
The rates of transpiration of all the sample trees as presented in Table 2 A. chinensis has the highest leaf water content followed by F. benjamina, L. floribunda, M. indicaand P. africanum as shown in Table 3 . Moreover, no definite relationship has been found between frequency of open stomata and the rate of transpiration.
Discussion
Evidently, there has been obtained an explicit variation in cooling produced by the respective sample tree species which is certainly related to difference in size and denseness of their crowns as well as other physical attributes of leaves present in the crowns of trees along with their physiological behaviour. It is the tree crown which obstructs the flow of solar energy and exhibits physiological performance, which produces cooling under the canopy. The results of the study are in harmony with results obtained by [6] but have disparity with [5] . This disparity in temperature reduction might have certainly been due to the locality factors of the respective study areas along with change in species resulting in variation in physical and physiological attributes of the tree species selected for studies.
The rates of transpiration of all the sample trees as presented in Table 2 M. indica and F. benjamina showed normal leaf shedding from April to June 2016 and leaves were renewed during the entire year due to their evergreen nature. Arrangement of stomata on leaf epidermis also influences leaf functions related to transpiration and photosynthesis. Enormous diversity in size, density, distribution of stomata exists among various tree species, which might have also affected their rates of transpiration. Generally, stomata are randomly scattered on broad leaves of dicotyledons whereas they occur in parallel rows to the leaf axis in narrow elongated leaves of monocotyledons and conifers [21] [22] . Stomata may be located above (raised stomata) or below (sunken stomata) or at the same level of other cells in the leaf epidermis. Some may also occur in depressions called "stomatal crypts". Sunken stomata lead to decreased transpiration whereas the raised stomata result in higher transpiration losses. Moreover, the presence of trichomes on the leaf surfaces reduces transpiration losses, besides of course the presence and thickness of cuticle and rolling over of the leaves [23] .
The rate of transpiration is controlled by several factors of environment as well as anatomical structure of leaves such as atmospheric temperature, water availability in the soil, water content of leaves, water conductance, etc. Increase in ambient temperature augments the rate of transpiration whereas high humidity produces resistance to it. Wind speed significantly affects the rate of transpiration which also depends upon the radiation load on the leaf. At higher radiation load, an increase in wind speed decreases the rate of transpiration whereas at lower radiation load, transpirational rate increases with wind speed. In still atmospheric conditions, water loss due to transpiration can accumulate in the form of vapor close to the leaf surface termed as boundary layer which resists movement of water from the leaves and reduces the rate of transpiration. However, at fairly intermediate radiation load on leaf, the rate of transpiration is relatively unaffected by wind speed [8] . Moreover, rough leaves provide larger surface area and more number of stomata resulting in higher rate of transpiration and photosynthesis, which facilitates more cooling advantage due to high humidity surrounding the crown [5] . It could be easily recognized by rubbing the leaves with hands that leaves of F. benjamina were smoothest of all the sample trees followed by A. chinensis, L. floribunda, P. africanum and M. indica. The smoothness or roughness of leaves of different sample trees was differentiated with the help of senior Botanists.
Generally, it is presumed that more content of water in leaves will result in higher rate of transpiration. But, the results of the present study do not support this presumption. Evidently, A. chinensis has the highest leaf water content followed by F. benjamina, L. floribunda, M. indicaand P. africanum whereas highest rate of transpiration has been exhibited by P. africanum followed by A. chinensis, F. benjamina, M. indica and L. floribunda, which might have been due to the reasons that other factors affecting rate of transpiration also play their role accordingly. Factually, Terrestrial plants face the contradictory demand of maximizing carbon dioxide uptake for photosynthesis while minimizing water loss to the atmosphere [24] .
Correlation between the cooling produced by different trees under their shades and the rates of transpiration were studied and the results have been depicted in Figure 1 , which have come out positive for all the sample trees with A. ings [8] . Water molecules are capable of holding great deal of energy without releasing it as heat. In the vapour form, water molecules absorb larger amount of energy in the form of latent heat from objects coming in contact including trees, ground and human body [10] . Since, transpiration takes place through stomata which are normally located on the ventral side of the leaf, this reduction in temperature is more experienced beneath the crown of the tree. Thus, more transpiration by tree crown implies more reduction in air temperature inside the shade of the crown and consequently more cooling is produced by tree crown.
Here, it is also significant that though cooling generated by tree under its crown was positively correlated to the rate of transpiration for every sample tree species yet no similarity was found between the rate of transpiration and cooling produced by them among different species. Evidently, P. africanum had the highest average rate of transpiration but not the cooling produced by it. Similarly, M.
indica had the highest cooling effect but not the rate of transpiration. This might have happened because the cooling produced by tree under its crown is not only a function of rate of transpiration but size and vigour of tree crown prominently affects its cooling performance. It is the crown of tree which absorbs, scatters and reflects the incoming solar radiation resulting in reduction in the amount of solar energy penetrating through the canopy. The amount of solar radiation absorbed by a tree depends on its leaf area index. Denser canopies, with higher LAI, can check even up to 95% of the visible spectrum falling on it making the air beneath the canopy cooler [25] . The leaf area index of tree varies with change in species.
The effect of atmospheric temperature on the rate of transpiration was also studied for the sample trees and ambient temperature has responded positively to rate of transpiration for all the sample tree species as depicted in Figure 2 Living leaves transpire moisture through stomata. Water vapour escapes by diffusion through stomata and across the boundary layer to the free air beyond the leaf [30] . However, this diffusion of water vapour feels resistance due to presence of tiny hairs in the stomata, which is called stomatal resistance. Also, the air present across the leaf mesophyll exerts pressure against escape of water vapour, which is termed as boundary layer resistance. These two together denote the total diffusion resistance of the pathway. [8] .
Number of open stomate is effectively responsible for physiological activities of leaves such as photosynthesis, transpiration, water conductance, CO 2 conductance etc. [23] . The data in respect to frequency of open stomata and physiological parameters presented in Table 4 
Conclusion
An organism interacts with its ambient environment through exchange of energy and material. A leaf responds to energy and material flow to and from its ambient environment by attaining a certain temperature and a certain rate of transpiration. The temperature of leaf is modified by transpirational cooling due to consumption of latent heat of evaporation. Transpiration effectively plays a significant role in producing cooling by trees in the atmosphere. Moreover, the rate of transpiration is also influenced by the ambient atmospheric temperature.
However, different tree species perform differently in cooling process owing to variation in their physical and physiological functioning due to difference in structural and anatomical properties.
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